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Abstract: In order to determine how the subaqueous delta evolution depends on the water and 
sediment processes in the Yangtze Estuary, the amounts of water and sediment discharged into the 
estuary were studied. The results show that, during the period from 1950 to 2010, there was no 
significant change in the annual water discharge, and the multi-annual mean water discharge 
increased in dry seasons and decreased in flood seasons. However, the annual sediment discharge 
and the multi-annual mean sediment discharge in flood and dry seasons took on a decreasing trend, 
and the intra-annual distribution of water and sediment discharges tended to be uniform. The 
evolution process from deposition to erosion occurred at the −10 m and −20 m isobaths of the 
subaqueous delta. The enhanced annual water and sediment discharges had a silting-up effect on 
the delta, and the effect of sediment was greater than that of water. Based on data analysis, 
empirical curves were built to present the relationships between the water and sediment discharges 
over a year or in dry and flood seasons and the erosion/deposition rates in typical regions of the 
subaqueous delta, whose evolution followed the pattern of silting in flood seasons and scouring in 
dry seasons. Notably, the Three Gorges Dam has changed the distribution processes of water and 
sediment discharges, and the dam’s regulating and reserving functions can benefit the subaqueous 
delta deposition when the annual water and sediment discharges are not affected. 
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1 Introduction 
Over the past hundred years, sediment discharge of rivers all over the world has sharply 
declined because dams or water transfer projects have been implemented along rivers, 
resulting in erosion of subaqueous deltas, especially deltas in estuary regions (Trenhaile 1997). 
Changes of sediment discharge not only affect the deposition rate, but also alter the features of 
silting and scouring (Syvitski et al. 2005). Many submerged deltas have been deposited more 
slowly or eroded after a decrease of seaward sediment discharge all around the world, such as 
along the Nile River (Frihy et al. 2003), the Colorado River (Carriquiry et al. 2001), and the 
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Yellow River (Xu 2008). During the deltaic evolution, contradictions exist between rivers and 
oceans, and rivers usually dominate the process (Ren 1989). Chinese scholars (Yang et al. 2003a; 
Li et al. 2004; Li et al. 2007; Wang et al. 2010; Gao 2010; Yang et al. 2011) have investigated 
the relationship between the evolution of the Yangtze subaqueous delta and the sediment 
discharge, and established empirical curves of the relation between the sediment discharge and 
the evolution of typical regions of subaqueous deltas. However, the relation between delta 
evolution and seaward water discharge has not been analyzed. The water cycle mechanism in 
the delta region of the American Colorado River has changed due to the reduction of water 
discharge, resulting in a different mechanism of deposition in the estuary delta region (Fanos 
1995). Meanwhile, the decreased sediment blocked the extension of the Colorado delta. In the 
Mississippi River Basin, the sediment transport was reduced by 40% from 1963 to 1989 due to 
the extremely high usage of river water, which was considered the major reason for the deltaic 
erosion in estuary areas (Qian et al. 1989). Yang et al. (2003b) showed that it was not rigorous 
in theory to use only water discharge, sediment discharge, or sediment concentration as a 
single index to determine the critical value of water or sediment discharge for maintaining the 
balance of deposition and erosion in delta regions. 
Generally, when the increase rate of water discharge is higher than that of the sediment 
discharge, the sediment concentration will decrease. Hence, the variations of basin water and 
sediment discharges may trigger significant delta changes. In the Yangtze Estuary, flooding 
plays a riverbed-rebuilding role. When the water discharge is larger than 60 000 m3/s, the 
water level in the middle and lower reaches of the Yangtze River is significantly enhanced. 
Meanwhile, the silting and scouring variations in the river channel are significant. When the 
flood discharge exceeds 70 000 m3/s, new river branches and erosion appear frequently (Gong 
and Yun 2002). Especially in 1954 and 1998, two heavy floods greatly influenced the erosion 
and deposition of the subaqueous delta in the river mouth. Studies on the evolution of the 
Yellow River delta revealed that the water and sediment discharges not only drove the 
delta-rebuilding but also determined the deltaic evolution trend (Xu 2002). Thus, when 
studying the deltaic evolution, the sediment discharge should not be the only considered factor. 
Instead, the collective influence of both water and sediment discharges should receive full 
attention. In recent years, with gradually increasing human activities in the Yangtze River 
Basin, their effects on water discharge, sediment discharge, and the intra-annual distribution 
processes of water and sediment discharges have already appeared (Yang et al. 2004; Chen  
et al. 2005; Dai et al. 2008; Dai et al. 2009; Li et al. 2011), and the water discharge and 
sediment discharge, as well as their intra-annual distribution processes, have also had a direct 
effect on the subaqueous delta development. Overall, it is necessary to establish the 
relationship between the subaqueous delta evolution and the water and sediment discharges in 
the Yangtze Estuary, and, in particular, to determine how the distributions of water and 
sediment discharges over different seasons affects the subaqueous delta evolution. 
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In this study, we investigated the variation trends of the annual water and sediment 
discharges, the amounts of water and sediment in dry and flood seasons, and the distribution 
processes of water and sediment discharges. Based on the results, the relationships between 
the areal erosion/deposition rates in typical regions of the subaqueous delta and the water and 
sediment discharges over a year or during dry and flood seasons were studied. This study 
demonstrated the relationship between the subaqueous delta evolution in the Yangtze Estuary 
and the decisive elements. 
2 Study area and methods 
2.1 Study area 
The Yangtze River Basin originates in the Tanggula Mountains, and has a full length of       
6 300 km, covering an area of 1.84 × 106 km2. The Datong Hydrographic Station is the most 
downstream large-scale hydrological station along the main stream of the Yangtze River, 
where the amounts of water and sediment represent the water and sediment processes of the 
Yangtze River. The geomorphologic patterns of the Yangtze Estuary include three-order 
bifurcations and four outlets into the sea. The Yangtze Estuary is divided into the South 
Branch and the North Branch by the Chongming Island, and the South Branch is divided into 
the South Channel and the North Channel by the Changxing Island. The South Channel is 
again divided into the South Passage and the North Passage by the Jiuduansha Shoal. Fig. 1 
shows the study area for this project, which is 68 km from the south to the north, covering the 
affected region of the −10 m and −20 m isobaths of the subaqueous delta in the Yangtze Estuary. 
 
Fig. 1 Sketch of study area in Yangtze Estuary 
2.2 Sources of information and description 
Map information from 1958 to 1989 was obtained through a digitized electronic chart (on 
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a scale of 1:15 000). Map information from 2002 to 2009 came from the measured  
topographic data provided by the Yangtze River Waterway Bureau and Shanghai Estuarine  
and Coastal Science Research Center. All data from different departments and organizations 
using different measurement approaches were conformed to the same conditions through 
comparison and examination.  
According to the analysis of sediment diffusion effects in the Yangtze Estuary by Yun 
(2004), the outer boundary of diffusion range of muddy water is between the −20 m isobath 
and −30 m isobath. Both the −10 m and −20 m isobaths are within the affected area of muddy 
water diffusion. Therefore, they are mainly controlled by the water and sediment discharges. 
For a subaqueous delta, the variations of the erosion/deposition rate include the change of 
the areal erosion/deposition rate and the change of the volumetric erosion/deposition rate (Gao 
2010). In this study, the areal erosion/deposition rates at the −10 m and −20 m isobaths were 
investigated. In this way, delta evolution could be better reflected, and formulas were 
established to demonstrate the relation between the areal erosion/deposition rate and the water 
and sediment discharges over a year or during dry and flood seasons. 
3 Change processes of seaward water and sediment amounts in   
Yangtze River Basin 
3.1 Variation rules of annual water and sediment discharges 
The annual water and sediment discharges in the Yangtze River Basin are high. From 
1950 to 2010, the multi-annual mean water discharge reached 8 970 × 108 m3/year. From 1951 
to 2010, the multi-annual mean sediment discharge was 3.88 × 108 t/year, and the sediment 
concentration was 0.43 kg/m3. As shown in Fig. 2(a), the annual water discharge has not 
changed significantly from 1950 to 2010. In the 1990s, the annual water discharge slightly 
increased, while from 2000 to 2010, the annual water discharge decreased somewhat, whereas 
the annual sediment discharge was sharply reduced in general. The stepwise reduction 
occurred in years such as 1968, 1985, and 2002. Especially in recent years, the decrease of the 
annual sediment discharge presents a more dramatic trend. Compared with the multi-annual 
sediment discharge from 1951 to 1968, the multi-annual sediment discharge from 2003 to 2010 
showed a reduction of 3.37 × 108 t/year, with a reduction rate of 68.92%. Notably, the decrease 
of annual sediment discharge occurred along with the sharp sediment reduction at the Yichang 
and Hankou stations located in the middle and lower reaches of the Yangtze River (Yang et al. 
2011). As shown in Fig. 2(b), the suspended sediment concentration has declined since 1985. 
If the amount of water does not change too much, the flow is less capable of transporting 
sediment and the riverbed sediment is suspended to compensate for the deficiency, which 
triggers a scouring trend in the estuary subaqueous delta. 
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Fig. 2 Variations of annual water and sediment discharges and suspended sediment concentration 
in Yangtze River Basin 
3.2 Variation characteristics of water and sediment discharges in flood 
and dry seasons 
The riverbed evolution in the middle and lower reaches of the Yangtze River follows the 
basic pattern of silting in flood seasons, and scouring in dry seasons. Hence, it is critical to 
determine how the variations of annual water and sediment discharges in flood and dry 
seasons affect the evolution of the subaqueous delta. 
Fig. 3(a) shows the variation of multi-annual mean water discharge in flood and dry 
seasons. It can be seen that the multi-annual mean water discharge showed a reduction trend in 
flood seasons in most years except the 1990s, with the smallest amount in the 2000s. The 
multi-annual mean water discharge in dry seasons from 1950 to 1979 was smaller than that 
from 1980 to 2009, implicating the slight increase in dry seasons. Moreover, the percentage of 
multi-annual mean water discharge took on a downward reduction in flood seasons and an 
upward increase in dry seasons, which suggests that the amount of water distributed in flood 
and dry seasons tends to be uniform. As shown in Fig. 3(b), the maximum multi-annual mean 
sediment discharge in flood seasons was in the 1960s, and thereafter it gradually declined. In 
the 2000s, the multi-annual mean sediment discharge was only 1.57 × 108 t/year in flood 
seasons. In particular, the annual sediment discharge was only 0.84 × 108 t/year in 2006. 
Similarly, the multi-annual mean sediment discharge tended to decline in dry seasons, which 
means that the reduction of annual sediment discharge occurred along with the sediment 
decrease in both flood and dry seasons. The percentage of multi-annual mean sediment 
discharge tended to decrease in flood seasons, and increase in dry seasons. The intra-annual 
distributions of sediment and water discharges tended to be uniform. 
Overall, the multi-annual mean water and sediment discharges decreased in flood seasons, 
but in dry seasons the multi-annual mean water discharge showed a rising trend, and the 
multi-annual mean sediment discharge decreased. The percentages of multi-annual mean water 
and sediment discharges decreased in flood seasons, and increased in dry seasons. 
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Fig. 3 Variation features of multi-annual mean water and sediment discharges 
in flood and dry seasons in Yangtze River Basin 
3.3 Variation characteristics of large and small water discharges in flood 
and dry seasons 
The riverbed-rebuilding discharge in the Yangtze Estuary is 60 400 m3/s. When the actual 
discharge is larger than that value, distinct erosion-deposition variations are observed in the 
estuary, which causes the replacement of main branches. For example, the flood in 1954 
played a critical role in the development of the North Passage. It changed the top and shallow 
regions of mouth bars, and the erosion and deposition fluctuations were from 0.2 to 0.7 m, 
which resulted in changes in the shoal-cutting and split ratios, influencing the estuary 
waterway (Yun 2004). As shown in Fig. 4, the number of days with a discharge larger than        
50 000 m3/s at the Datong Hydrographic Station has shown a decreasing trend since 1950, and 
the number of days with a discharge smaller than 15 000 m3/s has also tended to decrease. The 
results indicate that the medium amount of discharge increased in percentage, and the 
intra-annual distribution of water discharge was more uniform. 
 
Fig. 4 Variations of number of days with large and small discharges in Datong Hydrographic Station  
4 Relation between water and sediment processes in Yangtze River 
Basin and evolution of typical regions in subaqueous delta 
Variations of the areal erosion/deposition rates at typical isobaths of the subaqueous delta 
were examined. If the silting area between the same isobaths in different years is larger than 
the scouring area, the region near the isobath appears as deposition. In contrast, if the silting 
area is smaller than the scouring area, the region near the isobath appears as erosion. The areal 
erosion/deposition rate at an isobath in the subaqueous delta can be expressed as 
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where V is the areal deposition/erosion rate at the deltaic isobath (km2/year), dA
 
and eA  are 
the areas of deposition and erosion (km2), respectively, and T is the time interval (year). 
4.1 Evolution law of typical regions in subaqueous delta 
Fig. 5 shows variations of the −10 m and −20 m isobaths in the Yangtze Estuary from 
1958 to 2009, and the areal erosion/deposition rates at the two isobaths are listed in Table 1. 
 
Fig. 5 Evolution processes of −10 m and −20 m isobaths of subaqueous delta                          
in Yangtze Estuary from 1958 to 2009 
During the period from 1958 to 1985, the multi-annual mean sediment discharge was 
4.56 × 108 t/year, and the regions near the −10 m and −20 m isobaths showed a deposition 
trend. From 1985 to 1989, the multi-annual mean sediment discharge was 3.66 × 108 t/year, the 
area above the −10 m isobath slightly decreased, indicating that the region near the −10 m 
isobath appear as erosion, but the region near the −20 m isobath appeared as deposition. From 
1989 to 2002, the multi-annual mean sediment discharge was 3.42 × 108 t/year, and the area 
above the −10 m isobath showed an increasing trend. As mentioned in section 3, the annual water 
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Table 1 Multi-annual mean sediment discharge and areal erosion/deposition rates 
at typical isobaths of subaqueous delta 
Period 
−10 m isobath −20 m isobath 
Multi-annual mean sediment 
discharge (108 t/year) 
Areal erosion/deposition rate 
(km2/year) 
Multi-annual mean sediment 
discharge (108 t/year) 
Areal erosion/deposition 
rate (km2/year) 
1958-1985 4.56 7.67 4.56 6.15 
1985-1989 3.66 −3.11 3.66 5.03 
1989-2002 3.42 6.37 
3.18 1.75 
2002-2004 1.77 −27.61 
2004-2007 1.46 −23.97 1.46 −10.51 
2007-2009 1.20 −40.84 1.20 −23.44 
Note: The positive value denotes deposition and the negative value denotes erosion. 
discharge during this period was significantly larger than in other periods. Although the annual 
sediment discharge was smaller than that in previous periods, the annual water discharge 
increase caused a deposition trend in the subaqueous delta. From 1989 to 2004, the area above 
the  −20 m isobath maintained an upward trend and the region near the −20 m isobath 
appeared as deposition, caused by the same factor as that mentioned above for the deposition 
in the region near the −10 m isobath during this period. From 2002 to 2004, the area above the 
−10 m isobath tended to decrease, and an erosional retreat occurred. The area above the −10 m 
isobath decreased continually from 2002 to 2009, and the erosional retreat was significant. 
Similarly, the area above the −20 m isobath showed a reduction from 2004 to 2009, and the 
corresponding annual sediment discharge ranged from 0.84 × 108 to 2.77 × 108 t/year. Thus, the 
annual sediment discharge from the Yangtze River into the estuary subaqueous delta was 
significantly reduced compared with that in previous periods. In 2006, the sediment discharge 
was only 0.84 × 108 t/year. Meanwhile, the areas above the −10 m and −20 m isobaths 
decreased with the most serious observed retreat. The areal erosion rate from 2007 to 2009 
increased compared with that from 2004 to 2007 because of the variations of seaward 
sediment and water discharges caused by the Three Gorges Dam. 
To sum up, a process from deposition to erosion occurred at the −10 m and −20 m 
isobaths of the subaqueous delta along with a reduction of sediment discharge. A continuous 
erosional retreat has occurred in the subaqueous delta of the Yangtze Estuary since 2002. 
In the future, if the sediment entering the estuary remains at a low level for a long time, it 
will cause serious erosion of the subaqueous delta. Hence, the estuarine wetland protection 
and the safety of ports and cities will be extremely threatened. 
4.2 Relationship between annual water and sediment discharges and 
erosion/deposition rate in typical regions 
As discussed above, when the sediment discharge decreased, the subaqueous delta would 
gradually shift from a stated of deposition to erosion. As Fig. 6 shows, there is a linear relation 
between the erosion/deposition rate at the isobath of the subaqueous delta and annual water 
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discharge (Fig. 6(a)) and annual sediment discharge (Fig. 6(b)). When the annual water and 
sediment discharges decrease, the subaqueous delta in the Yangtze Estuary shifts from a state 
of deposition to reduced deposition or even to erosional retreat in the end. An analysis method 
of multiple regressions was used to establish the relation curves between the area 
erosion/deposition rates at typical isobaths of the subaqueous delta and the annual water and 
sediment discharges. The formulas are shown below: 
 21
 
7.74110.83 11.70      0.92
1 000
V Q S R= − + + =  (2) 
 22
 
1.3034.95 7.77      0.86
1 000
V Q S R= − + + =  (3) 
where 1V  and 2V  are the area deposition/erosion rates at the −10 m and −20 m isobaths 
(km2/year), respectively; Q is the annual water discharge (108 m3/year); S is the annual 
sediment discharge (108 t/year); R2 is the coefficient of determination; and the coefficient    
1 000 converts the units of water and sediment discharges to the same order of magnitude. 
Fitting curves are obtained under the confidence coefficient 0.1α = . 
 
Fig. 6 Relation between subaqueous delta evolution and annual water and                       
sediment discharges in Yangtze River Basin 
According to Eqs. (2) and (3), the deltaic evolution was jointly affected by the annual 
water and sediment discharges. Based on the coefficients of Q and S in Eqs. (2) and (3), the 
contributions of annual sediment discharge and annual water discharge to the areal 
erosion/deposition rate at the −10 m isobath were 61.88% and 38.12%, respectively, while 
61.01% of the sediment contribution and 38.99% of the water contribution were observed for 
the areal erosion/deposition rate at the −20 m isobath. Hence, annual sediment discharge 
variations have a more significant effect than annual water discharge variations on the 
evolution of the subaqueous delta. However, the effect of annual water discharge variations on 
the deltaic evolution should not be ignored. 
4.3 Relationship between water or sediment variation process and      
evolution of typical deltaic regions  
The water and sediment discharges showed better correlation with the areal 
 Yun-ping YANG et al. Water Science and Engineering, Jul. 2014, Vol. 7, No. 3, 331-343 340
erosion/deposition rate at the deltaic isobaths in flood seasons than in dry seasons (Fig. 7). 
Whether or not the sediment discharge increased in flood seasons or in dry seasons, the delta 
always shift from a state of erosion to deposition. Based on the erosion/deposition rates at 
different subaqueous deltaic isobaths, and water and sediment discharges in flood and dry 
seasons, curves demonstrating the relationship between the water/sediment variation process 
and the evolution of the subaqueous delta were built, and the specific fitting formulas are 
shown in Table 2. Compared with the curves shown in Fig. 6, these curves are more accurate 
because the water and sediment discharges were examined in both flood seasons and dry 
seasons. The coefficients of FQ  and FS  in the formulas in Table 2 were positive and the 
coefficients of DQ  and DS  were negative, suggesting that the water and sediment discharges 
promoted deposition of the subaqueous delta in flood seasons, and erosion in dry seasons. 
Accordingly, the delta showed a deposition trend in flood seasons and an erosion trend in dry 
seasons, which is consistent with the basic pattern for the evolution of the middle and lower 
reaches of the Yangtze River: silting in flood seasons and scouring in dry seasons. 
 
Fig. 7 Relation between subaqueous delta evolution and variation processes of                      
water and sediment discharges in different seasons 
Table 2 Relation curves of areal erosion/deposition rates at typical isobaths and             
water/sediment discharge in different seasons 
Single factor Isobath (m) Empirical curve R2 
Water discharge 
−10 1 F D41.84 1 000 41.84 1 000 128.17V Q Q= − −  0.72 
−20 2 F D27.68 1 000 63.22 1 000 4.81V Q Q= − −  0.95 
Sediment discharge 
−10 1 F D25.09 1 000 111.46 30.52V S S= − −  0.89 
−20 2 F D22.85 1 000 148.62 3.56V S S= − −  0.95 
Note: FQ  and DQ  are the water discharges in flood seasons and dry seasons (10
8 m3/year), respectively; FS  and DS  are 
the sediment discharges in flood seasons and dry seasons (108 t/year), respectively; and fitting curves were obtained with the 
confidence coefficient Į = 0.1. 
The Three Gorges Dam has been used for water storage since 2003, maintaining the 
water and sediment discharges in the Yangtze River Basin at a certain level. The dam showed 
a lesser effect on the annual water discharge, while the water distributions in flood and dry 
seasons were changed somewhat. Meanwhile, the annual sediment discharge showed a 
 Yun-ping YANG et al. Water Science and Engineering, Jul. 2014, Vol. 7, No. 3, 331-343 341
downward trend, and the distributions of sediment discharge in flood and dry seasons were 
also changed. According to the coefficients of FQ , DQ , FS , and DS  in the formulas in 
Table 2, the absolute values of the coefficients of DQ  and DS  were larger than those of FQ  
and FS , respectively, which suggests that if the reduced amount of water and sediment in 
flood seasons was emptied in dry seasons, the deltaic deposition area in a dry season would be 
larger than the erosion area caused by the water and sediment discharge reduction in a flood 
season. Because of the different distributions of the water and sediment discharges in flood 
and dry seasons throughout a year, the delta tended to show deposition development. 
Assuming that the water and sediment discharges reduced by the Three Gorges Dam in a flood 
season was all emptied in the dry season, the reduced deposition value of the subaqueous delta 
in the flood season should be smaller than the increased value in the dry season, indicating a 
deposition trend of the deltaic evolution. Therefore, the Three Gorges project has changed the 
distribution processes of water and sediment discharges, and its regulation function can benefit 
the subaqueous delta deposition, while the annual water and sediment discharges in the basin 
are not affected. 
4.4 Relationship between water and sediment variation processes and 
evolution of typical deltaic regions 
Comprehensively considering the effects of the water and sediment discharges in flood 
and dry seasons, we established curves to describe the relationships between the areal 
erosion/deposition rates at different isobaths and the water and sediment discharges. Fitting 
curves were obtained under the confidence coefficient Į = 0.1. The formulas for the curves of 
−10 m and −20 m isobaths are as follows: 
 2F D1 F D
  
8.93 12.64 27.11 155.40 104.89     0.94
1 000 1 000
Q QV S S R= + + − − =  (4) 
 2F D2 F D
  
42.13 96.66 3.12 84.42 19.11     0.98
1 000 1 000
Q QV S S R= − + − + =  (5) 
According to these formulas, it can be found that comprehensive consideration of the 
effects of the water and sediment variation processes on the deltaic evolution can reflect the 
variations of areal erosion/deposition rates at the −10 m and −20 m isobaths in the subaqueous 
delta much more accurately. Lou (2005) analyzed the subaqueous delta variations from 1997 
to 2000, and the reported data were used to test our fitting formulas. From 1997 to 2000, the 
water discharges in flood and dry seasons were 8 427 × 108 m3/year and 2 989 × 108 m3/year, 
respectively, and the sediment discharges were 3.20 × 108 t/year and 0.39 × 108 t/year, 
respectively. According to our calculation, the −10 m and −20 m isobaths should have an areal 
erosion/deposition rate of 34.29 km2/year and 63.09 km2/year, respectively, consistent with the 
values obtained by Lou (2005) of 36.43 km2/year and 69.63 km2/year, respectively. 
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5 Conclusions 
(1) The annual water discharge showed no obvious trend from 1950 to 2010, while the 
annual sediment discharge showed a stepwise decrease. The multi-annual mean water 
discharge decreased in flood seasons and increased in dry seasons. The multi-annual mean 
sediment discharge decreased in dry seasons and flood seasons. The percentages of 
multi-annual mean water and sediment discharges decreased in flood seasons, and increased in 
dry seasons. 
(2) An evolution process from deposition to erosion occurred at the −10 m and −20 m 
isobaths of the subaqueous delta, and empirical curves were established to present the 
relationships between the annual water and sediment discharges and the areal 
erosion/deposition rates in typical regions of the subaqueous delta. The annual sediment 
discharge variation had a greater effect on the evolution of the subaqueous delta than the 
annual water discharge variation. 
(3) Empirical curves were established to describe the relationships between the deltaic 
areal erosion/deposition rates in typical regions of the subaqueous delta and the water and 
sediment discharges in flood and dry seasons, and the evolution of the subaqueous delta was 
found to follow the pattern of silting in flood seasons and scouring in dry seasons. Although 
the Three Gorges Dam has changed the distribution processes of water and sediment 
discharges throughout a year, the regulation and reservation functions of the dam can benefit 
the deltaic deposition when the annual water and sediment discharges are not affected. 
The evolution of the estuary delta is controlled by the water and sediment factors in the 
basin. However, the ocean dynamics vary continuously, and their effects on the deltaic 
evolution are still unclear. In the future, we will pay more attention to the effect of ocean 
factors on the deltaic evolution and the corresponding empirical relationship. 
References 
Carriquiry, J. D., Sanchez, A., and Camacho-lbar, V. F. 2001. Sedimentation in the northern Gulf of California 
after cessation of the Colorado River discharge. Sedimentary Geology, 144(1-2), 37-62. [doi: 
10.1016/S0037-0738(01)00134-8] 
Chen, X. Q., Zhang, E. F., Mu, H. Q., and Zong, Y. 2005. A preliminary analysis of human impacts on 
sediment discharges from the Yangtze, China, into the Sea. Journal of Coastal Research, 21(3), 515-521. 
[doi:10.2112/03-0034.1] 
Dai, S. B., Lu, X. X., Yang, S. L., and Cai, A. M. 2008. A preliminary estimate of human and natural 
contributions to the decline in sediment flux from the Yangtze River to the China Sea. Quaternary 
International, 186, 43-54. [doi:10.1016/j.quaint.2007.11.018]   
Dai, S. B., Yang, S. L., and Li, M. 2009. The sharp decrease in suspended sediment supply from China’s rivers 
to the sea: Anthropogenic and natural causes. Hydrological Sciences Journal, 54(1), 135-146. 
[doi:10.1623/hysj.54.1.135]    
Fanos, A. M. 1995. The impact of human activities on the erosion and accretion of the Nile delta coast. 
Journal of Coastal Research, 11(3), 821-833.  
Frihy, O. E., Debes, E. A., and El Sayed, W. R. 2003. Processes reshaping the Nile delta promontories of 
Egypt: Pre- and post-protection. Geomorphology, 53(3-4), 263-279. [doi:10.1016/S0169-555X 
 Yun-ping YANG et al. Water Science and Engineering, Jul. 2014, Vol. 7, No. 3, 331-343 343
(02)00318-5] 
Gao, S. 2010. Changjiang delta sedimentation in response to catchment discharge changes: Progress and 
problems. Advances in Earth Science, 25(3), 233-241. (in Chinese) 
Gong, C. L., and Yun, C. X. 2002. Floods rebuilding the riverbed of the Changjiang estuary. Ocean 
Engineering, 20(3), 94-97. [doi:10.3969/j.issn.1005-9865.2002.03.016] 
Li, C. X., Yang, S. Y., Fan, D. D., and Zhao, J. 2004. The change in Changjiang suspended load and its impact 
on the delta after completion of three gorges dam. Quaternary Sciences, 24(5), 495-500. (in Chinese) 
Li, P., Yang, S. L., Dai, S. B., and Zhang, W. X. 2007. Accretion/erosion of the subaqueous delta at the 
Yangtze Estuary in recent 10 years. Acta Geographica Sinica, 62(7), 707-716. (in Chinese) 
Li, Q. F., Yu, M. X., Lu, G. B., Cai, T., Bai, X., and Xia, Z. Q. 2011. Impacts of the Gezhouba and Three 
Gorges reservoirs on the sediment regime in the Yangtze River, China. Journal of Hydrology, 403(3-4), 
224-233. [doi:10.1016/j.jhydrol.2011.03.043]  
Lou, F. 2005. The Sedimentary and Accretion-erosion Environment of the Outer Navigation Channel in 
Changjiang Estuary. Ph. D. Dissertation. Shanghai: East China Normal University. (in Chinese) 
Qian, N., Zhang, R., and Zhou, Z. D. 1989. Riverbed Evolution. Beijing: Science Press. (in Chinese) 
Ren, M. E. 1989. Man’s impact on the coastal zone of the Mississippi River Delta. Acta Geographica Sinica, 
44(2), 221-229. (in Chinese) 
Syvitski, J. P. M., Vorosmarty, C. J., Kettner, A. J., and Green, P. 2005. Impact of humans on the flux of 
terrestrial sediment to the global coastal ocean. Science, 308(5720), 376-380. [doi: 
10.1126/science.1109454] 
Trenhaile, A. S. 1997. Coastal Dynamics and Landforms. Oxford: Oxford University Press.  
Wang, A. D., Pan, S. M., Zhang, Y. Z., and Liu, Z. Y. 2010. Modern sedimentation rate of the submarine delta 
of the Changjiang River. Marine Geology and Quaternary Geology, 30(3), 1-6. [doi:10.3724/SP.J. 
1140.2010.03001]. (in Chinese) 
Xu, J. X. 2002. A study of thresholds of runoff and sediment for the land accretion of the Yellow River Delta. 
Geographical Research, 21(2), 163-170. (in Chinese) [doi:10.3321/j.issn:1000-0585.2002.02.004] 
Xu, J. X. 2008. Response of land accretion of the Yellow River delta to global climate change and human 
activity. Quaternary International, 186(1), 4-11. [doi:10.1016/j.quaint.2007.08.032] 
Yang, S. L., Zhu, J., and Zhao, Q. Y. 2003a. A preliminary study on the influence of Changjiang River 
sediment supply on subaqueous delta-Evidences in late 20th century and an expectation for the coming 
decades. Acta Oceanologica Sinica, 25(5), 83-91. (in Chinese)  
Yang, S. L., Belkin, I. M., Belkin, A. I., Zhao, Q. Y., Zhu, J., and Ding, P. 2003b. Delta response to decline in 
sediment supply from the Yangtze River: Evidence of the recent four decades and expectations for the 
next half-century. Estuarine, Coastal and Shelf Science, 57(4), 689-699. [doi:10.1016/S0272- 
7714(02)00409-2] 
Yang, S. L., Shi, Z., Zhou, H. Y., Li, P., Dai, S. B., and Gao, A. 2004. Effects of human activities on the 
Yangtze River suspended sediment flux into the estuary in the last century. Hydrology and Earth System 
Sciences, 8(6), 1210-1216. 
Yang, S. L., Milliman, J. D., Li, P., and Xu, K. 2011. 50000 dams later: Erosion of the Yangtze River and its 
delta. Global and Planetary Change, 75(1-2), 14-20. [doi:10.1016/j.gloplacha.2010.09.006]   
Yun, C. X. 2004. The Recent Development Rules of the Changjiang Estuary. Beijing: Ocean Press.        
(in Chinese) 
(Edited by Yan LEI) 
 
